and evaluate injuries caused to the host plant and occurrence of natural enemies of this psyllid. Frequency distribution of the distance between the antennae indicated the existence of five nymphal instars. Colonies of the psyllid were observed throughout the year in Viçosa and Dionísio. Population peaks occurred from April to July (winter: a period of low temperatures, drought and short photoperiod in this region). Nymphs and adults were observed attacking buds, inflorescences and infrutescences of M. calvescens and causing damage by sucking the plant sap and injecting toxins. Desirable traits such as high population growth rate, easy mass rearing, occurrence throughout the year, host specificity, attack to reproductive organs and potential capacity to adapt to different climatic conditions including those similar to where M. calvescens invasions are occurring, all indicate that D. smithi is a promising biological control agent of M. calvescens.
Introduction
Miconia, Miconia calvescens DC. (Melastomataceae) is a plant native from Central and South America that became an aggressive forest ecosystem invader in French Polynesia and Hawaii (Meyer, 1996; Csurhes, 1997; Medeiros et al., 1997; PIER, 2002) and is also becoming a cause of concern in Australia (Csurhes and Edwards, 1998) . It was introduced as an ornamental into Tahiti in 1937 and slowly invaded the native forests and now dominates 65% of the island (Meyer, 1996; Meyer and Florence, 1996; Meyer and Malet, 1997) . Introduction into Hawaii occurred in the 1960s, and since 1992 it has been included in the list of noxious invasive weeds (Medeiros et al., 1997) . It is now regarded as one of the hundred worst invasive weeds in the world (IUCN, 2007) and a serious threat to several large tropical forest ecosystems in the world, particularly in oceanic islands (Csurhes, 1997) .
Classical biological control probably represents the sole sustainable alternative of control for invasive miconia populations. Studies were started in 1995 in Brazil aimed at finding pathogens to be used as classical biocontrol agents of miconia. Brazil is part of the centre of origin of M. calvescens and the country where the type material of the plant was first collected. Surveys were extended to Costa Rica, Dominican Republic and Ecuador. Results of the survey in Brazil were recently published (Seixas et al., 2007) . Surveys for arthropod natural enemies of M. calvescens in Brazil started later in 2001 and concentrated in Viçosa, Dionísio and Guaraciaba, which are municipalities in the state of Minas Gerais. Over 70 species of arthropods were collected and identified, of which around 10 were recognized as having potential as biological control agents (Picanço et al., 2005) . This included a newly described species of psyllid -Diclidophlebia smithi Burckhardt, Morais and Picanço (Hemiptera, Psylloidea) (Burckhardt et al., 2006) . D. smithi is a monophagous species that appears to be widely distributed in south-eastern Brazil. It was found in Dionísio, Guaraciaba and Viçosa in Minas Gerais State and Mangaratiba, Angra dos Reis (Ilha Grande) in Rio de Janeiro State. Psyllids are small sapsucking insects that are typically highly specialized and either monophagous or oligophagous, often having the necessary attributes of a good biological control agent (Hollis, 2006) . Nymphs and adults cause damage to their host plants either by sap sucking or toxin injection. This often leads to deformation of leaves and buds, necrosis, premature senescence of leaves and, in some species, to the formation of galls on infested plants. Some species of psyllids are also known to function as vectors of pathogenic phytoplasms and bacteria (Phyllis and Leann, 2006) .
Before a biological control candidate can be further considered for use in a classical biological control program, a series of studies on its biology are regarded as necessary. These involve its precise identification, development of methods of raising it under controlled conditions, host-range evaluation, elucidation of life cycle, investigating its natural enemies and potential impact on host plant among others (Julien, 1997) . This report presents the biology of D. smithi including life cycle, population dynamics, a description of damage caused to host plants and the occurrence of natural enemies.
Materials and methods

Life cycle
This study was performed at the Laboratório de Manejo Integrado de Pragas of the Departamento de Biologia Animal-Universidade Federal de Viçosa. Nymphs of D. smithi were brought from the field and transferred to young potted M. calvescens plants kept in a greenhouse.
To determine the number of instars during the life cycle of D. smithi, 20 new adult couples were placed on five M. calvescens plants (four couples per plant) and left there for egg-laying. Thirty nymphs obtained from the eggs were placed separately on young field-collected miconia leaves plus stem and maintained with the base of the stem immersed in water.
A daily evaluation was made of the following parameters: distance between the antennae, length of antennae and length and breadth of thorax at the level of the second pair of legs. Such measurements were made with the help of a dissecting microscope Leica MZ75 to which a digital camera was attached. Sizes were obtained through the analysis of photos taken with the camera with the software Leica Qwin. Additionally, body sizes of 40 adults (20 females and 20 males) and of 20 eggs were also measured.
Biometric data of the distance between the antennae served as the basis for the preparation of multimodal curves of frequency distribution aimed at determining the number of instars for D. smithi. Values of distance between the antennae were plotted on the abscissa axis, whereas the frequency of occurrence of each value was plotted on the ordinate axis. Each peak in the curve would then correspond to an instar in the insect's cycle (Parra and Haddad, 1989) . Means and standard deviation for each biometric parameter, as well as for the duration of each stage, were calculated after the number of instars was determined.
These experiments were conducted at 20.4 ± 0.3°C, relative humidity of 77.3 ± 1.2% and daily light regime of 12.1 ± 0.04 h.
Population fluctuation, injuries
and natural enemies Ten M. calvescens plants were selected randomly in each location, and the following plant organs (leaves, branches, buds, flowers and fruits) were evaluated per plant during each visit. Number of nymphs and adults of D. smithi and possible predators associated with the psyllid were recorded. The occurrence of D. smithi was also investigated on other plants surrounding each M. calvescens plant. Comparisons were made between attacked and healthy organs of miconia, particularly for the production of new growth, flowers, fruits, as well as the development of plant organs.
Climatic data for Viçosa were obtained from the Estação Climatológica Principal (INEMET/5 o DISME/ UFV), whereas those for Dionísio were obtained from the Estação Climatológica de Ponte Alta belonging to the private company CAF Santa Bárbara Ltda.
Occurrence of parasites on D. smithi was investigated on branches colonized by the psyllid that were collected at each visit to the sites and brought to the lab. These branches were left in plastic boxes with thin meshed screened openings. The base of those branches was inserted in a layer of humid vermiculite over which a cardboard disk was placed separating the vermiculite from the upper chamber to avoid direct contact of the insects with the vermiculite. Branches were maintained for 3 weeks in the lab under room conditions. Appearance of parasitoids was evaluated at 2-day intervals.
Population fluctuation curves for nymphs and adults of D. smithi were prepared for each of the localities (Viçosa and Dionísio) for the two evaluation periods. Information about the phenology of M. calvescens over time was also recorded. Curves of recorded rainfall, average air temperature, relative humidity and photoperiod were also prepared.
Results
Life cycle
Eggs of D. smithi are pale yellow when laid and rapidly darken to black and shiny. They are elliptic with one pointed end and a peduncule attaching it to the plant. Its length is 0.24 ± 0.009 mm, and its diameter is 0.13 ± 0.003 mm (Table 1) .
The frequency curve of the length between the antenae indicated that D. smithi has five instars (Figure 1) . After egg-hatching, nymphs of the first instar are pale yellow and almost transparent and become black with time. Wing pads become visible during the third instar and third and fourth instars and are entirely yellow. In the fifth instar, the wing pads, as well as the last segment of the abdomen and the head become brown. Body and antennae length are given in Table 1 .
Recently emerged adults are yellow with transparent wings that become brown a few minutes later. Females are bigger (1.99 ± 0.04 mm long) than males (1.71 ± 0.03 mm long; Table 1 ). A female can lay from 25 to 45 eggs during its lifetime in lab conditions (19 ± 2°C). Duration of each phase in the life cycle is presented in Table 1 .
Nymphs of D. smithi secrete large quantities of whitish filamentous wax that can completely recover the colony, possibly protecting them against natural enemies, dehydration and rain.
Distance between antennae (mm) 
Population fluctuation, injuries and natural enemies
The highest degree of damage caused by D. smithi to M. calvescens happened at high colony densities on buds, flowers and fruits. In such situations, the buds and young leaves became distorted and yellow, and their growth was hampered. Nymph populations peaked from April to June of 2002 in Viçosa, coinciding with the period of the year when there is abundant new growth. In Dionísio, the population peak occurred in July of 2004 during a period of abundant fruiting. The highest values for population densities for adults occurred in the first year of evaluation, in July 2002, during a period of abundant fruiting and flowering. In the second year of evaluation, the peak occurred in April coinciding with the end of a fruiting period when new growth was produced. Those population peaks coincided with periods of cool weather, short photoperiod and drought (Figures 2and 3) .
The found in the field, but it was observed to be a very voracious predator. No parasitoid was obtained during the investigation of colonies brought from the field.
Discussion
Psyllid population peaked from April to June indicating that the density of this insect was related to a high abundance of food such as buds, flowers and fruits that formed during that period. Soft tissues are of critical importance for population growth of this sap-feeding insect. Similar connection of phenological states in plants and insect population density was also observed for other species in the Psyllidae such as Euphalerus clitoriae (Burckhardt and Guajará, 2000) Diaphorina citri Kuway, Diclidophlebia lucens (Burckhardt et al., 2005) and Boreioglycaspis malaleucae Moore (Burckhardt and Guajará, 2000; Tsai and Liu, 2000; Burckhardt et al., 2005; Center et al., 2006) . The highest population densities of D. smithi also coincided with periods of cooler air temperatures, shorter photoperiods and lower rainfall levels. Air temperature emerged as the climatic factor that had the highest influence on population density. High temperatures may harm the development of D. smithi, particularly when relative humidity is low. This was also observed for other Psyllidae such as Euphalerus vittatus Crawford on Cassia fistula L. (Fabaceae) and E. clitoriae (Burckhardt and Guajará, 2000) on Clitoria fairchildiana Howard. (Fabaceae) (Sahu and Mandal, 1999; Gondim Junior et al., 2005) . Air temperature is one of the most important factors interfering with establishment, proliferation, dispersal and impact of organisms in new areas of distribution (Baker, 2002) . High air temperatures cause a high mortality of nymphs and a reduction in egg-laying for female psyllids because of abnormal development of ovaries (Mehrnejad and Copland, 2005; Stratopoulou and Kapatos, 1995; Liu and Tsai, 2000) . Adult Agonoscena pistaciae Burckhardt and Lauterer (Hemiptera: Psyllidae) had maximum rates of egg-laying in lab conditions at 20°C and a reduction in ovary development when temperatures were above 30°C (Mehrnejad and Copland, 2005) . High air temperatures can also reduce survival and longevity of psyllids as observed for Trioza hirsuta Crawford (Hemiptera: Psyllidae) which had a longer period of survival for adults at 25°C (Dhiman and Singh, 2003) and D. citri, for which the ideal temperature is around 20°C .
Rainfall also influences population density of D. smithi. Rain can cause mortality through mechanical impact on individuals and can remove individuals from their host plant or, in the case of nymphs, remove the wax cover that protects them (Center et al., 2006) , exposing them to adverse environmental conditions. Rain may harm psyllid mating and movement, leading to a reduction in population growth. Photoperiod may have an indirect effect on this insect's populations. Periods of adverse environmental conditions do not appear to represent a significant obstacle for this psyllid species since colonies of D. smithi recover readily after unfavourable periods, and colonies are seen in the field throughout the year.
Knowledge about effects of climate on a potential biocontrol agent is of critical importance in order to estimate its chance of success and to choose the correct Climatic data: precipitation, relative humidity and photoperiod in Viçosa (a) and Dionísio (b), state of Minas Gerais, Brazil, 2001 Brazil, -2002 Brazil, and 2004 Brazil, -2005 time of the year for its introduction into the field. In the case of D. smithi as a biocontrol for M. calvescens, the ideal time of the year would be a period of lower rainfall levels and cooler air temperatures and when there was plenty of new growth. The attack of D. smithi to buds of M. calvescens is likely to effect plant development through starvation of such new organs of photoassimilates brought in the sap. The mass of wax filaments appear to have a deleterious effect on the formation of normal flowers and fruits. If seed production is affected, the impact might be important since M. calvescens relies entirely on seeds for its dispersal (Meyer, 1998) . In the case of citrus attacked by D. citri, a reduction on seed setting has been demonstrated (Michaud, 2004) . More detailed impact studies are presently being performed for D. smithi on M. calvescens.
Features of D. smithi such as it being relatively easily amenable to mass rearing under controlled conditions, its occurrence in the field throughout the year, the fact that it attacks the reproductive organs of the plant, its high host specificity (discussed elsewhere) and its ability to adapt to a range of climatic conditions indicates that it has good potential as a classical biological control agent to be used against M. calvescens.
